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ABSTRACT
T T —
AL/ 25
Phase V of the program was undertaken to develop a seal cartridge for the trans-
mission of low-pressure gas between the gimbals of a stabilized platform, with primary
objectives of minimum torque and minimum leakage,

This rcport describes the investigation of candidate seal materials and experi-
ments on single- and double-seal characteristics, The work showed that the torque
and leakage of present gimbal configurations can be significantly reduced if a bellows-
actuated, Teflon face seal is used., The mating-seal materials should be virgin Teflon
finished by the cold-press procedure, and a concentrically ground metal surface, The
Teflon seal should be approximately 1/8 inch wide and of overbalanced design,

This research program was initiated in July, 1962, under contract with NASA,
This report covers the work performed on Phase V during the period August 1, 1963,

to March 31, 1964, - %ct;ﬁ-/z/
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SPACE~VEHICLE STARBILIZED-PLATFORM
GIMBAL~-SYSTEM WEIGHT-REDUCTION STUDY

PHASE V. GIMBAL-SEAL CARTRIDGE DESIGN

INTRODUCTION

The importance of achieving minimum weight in the final stages of ballistic
missiles or in the payload of space vehicles is well known, One method of achieving
minimum weight is by the exacting design of each component on the basis of stresses and
deflections. Another method, and one which is sometimes overlooked, is by a critical
re-examination of the functional requirements of each of the components, It was the
application of the second of these two methods which led to Phase V of the over-all
weight-reduction study for the Saturn stabilized platform,

In the Saturn vehicle the gyroscopes of the stabilized platform gyros are supported
on air bearings. This air must be supplied from an external source, which means that
each of the pivots must contain a dynamic air seal, The size, and hence the weight, of
the torque generators located at each pivot is dependent on the torque required to over-
come the friction of the dynamic air seal and of the roller bearings, The major portion
of this torque results from the air seal. Hence, if the torque and leakage of the seal
could be reduced, a major reduction would be possible in the size and hence the weight,
not only of the torquers, but of the external air supply.

The original objective of Phase V of the over-all weight-reduction study was to
develop a seal cartridge for the transmission of low-pressure gas between the gimbals
of the stabilized platform with minimum torque at the gimbals and with minimum weight,
This objective was modified early in the project when information on seal materials was
found to be inadequate, It was mutually agreed with the technical monitor that more
emphasis should be placed on obtaining basic design data and that the work on the de-
velopment of a cartridge configuration should be reduced,

The first step in the research effort was to review the functional requirements
and boundary conditions for the seal cartridge. This included a materials investigation
and a review of some of the characteristics of commercial seals, These studies re-
sulted in the above-mentioned change in project emphasis, The next step was a single-
seal interface experimental study to determine the effect on torque and leakage of seal
parameters such as width, mating-ring surface characteristics, seal surface finish,
etc., Once these effects were established, a double-seal experimental study was per-
formed to determine the interaction of opposed face seals loaded by means of a common
bellows,

The following section of this report presents the conclusions and recommendations
resulting from the research effort., The next section describes the studies cf possible
seal materials. The single-seal interface experimental study and the double-seal
experimental study are then discussed, In the final section of the report, seal cartridge
characteristics are presented,
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CONCLUSIONS AND RECOMMIINDATIONS

Conchisions

The mating~seal materials should be virgin Teflon finished by the cold-press pro-
cedure described in the report, and a concentrically ground metal surface with a surface
finish of approximately 5 to 12 microinches rms, The width of the Teflon seal should he
approximately 1/8 in, A sealing load of 4, 7 1b is optimum for a mean seal diameter of
1,373 in, This load includes the load provided by the bellows and the load from the air
pressure caused by the overbalanced design,

The torque and leakage values for the experimental double-seal units at 15 psi
ranged from 8,4 to 13,8 oz~-in, and from 15 to 65 cc per min at seal loads of 3, 9 to
5.5 1b, These torque and leakage figures, which are representative maximum and
minimum values, are a significant improvement over the ''guide’” values of 34 oz-in,
and 500 cc per min which were provided at the beginning of this program as being typical
of present seals,

Recommendations

It is recommended that a Teflon face seal be incorporated into a cartridge design,
The cartridge concept is recommended because of the high reliability of a pretested
seal, the necessity for run-in, and the elimination of damage to the sealing surface due
to handling, )

MATERIALS INVESTIGATION

The seal cartridge had to satisfy several functional requirements that severely
restricted the candidate materials for the face seal, One of the most important re-
quirements was that the mating materials have a very low coefficient of friction, Be-
cause of the downstream air bearing and the close tolerances involved, it was imperative
that no contamination be introduced into the air flow, Therefore, the material had to
exhibit a low coefficient of friction with dry air as the only lubricant. An upper temper-
ature limit of 60 C did not appear difficult, However, the difference between the static
and kinetic coefficients of friction had to be taken into account because of possible un-
desirable stick-slip characteristics, Considering these requirements, Teflon was a
logical choice, The materials investigation, therefore, had three major aims: (1) to
compare Teflon with other materials, thus insuring that Teflon was indeed the proper
choice, (2) to compare various Teflon compounds to determine which of the fluorocar-
bons should be used, and (3) to determine the characteristics of the Teflon compound
chosen,

4

Two of the most comimon materials used as face seal materials in commercial ap-
plications are carbon graphite and the industrial ceramics such as aluminum oxide,

The major drawback of these two materials for the gimbal-seal application was the high
coefficient of friction when used in the nonlubricated condition, The facet that these
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materials can be machined to close tolerances with goud surface finishes, are inert

to most industrial chemicals, and have vood heat-transicr characteristics, is the basis
for their choice for commurcial face seals, For the ¢imbal-seal cartridge, however,
the extremely low rotational speed negated the requirement for good heat-transfer
characteristics, Hence, organic materials could be considered for the face seal,

Table 1 gives some typical coefficient-of-friction values for different plastics
when mated with carbon steel, (1) As can be seen, all of these values are higher than
that obtained with Teflon with the exception of Rulon, which is a glass~filled Teflon
compound, The large spread between the maximum and minimum values shown in the
table might be explained by the extreme range of applied loads and sliding speeds which
were used in the collection of the data, Other investigators(z) indicate that the low co-
efficient of friction for Teflon and Teflon compounds holds only at very low sliding
speeds. and then only if there has been no high-speed sliding. Once the plastic has
undergone a high-speed sliding. the coefficient of friction is irreversibly increased to
two or three times its previous value,

The use of reinforcing fibers generally results in a higher coefficient of friction
for the filled compound, with the increase in coefficient of friction proportional to the
filler content, {5} Coefficients of friction for typical filled compounds are given in
Table 2, (4, 5) The increase with filler content can be seen by comparing the coefficients
of friction for unfilled and 15 and 25 per cent glass fiber, Normally the major reason
for choosing a Teflon compound which has been filled is to decrease the amount of creep
occurring under load conditions, With the low loads necessary to achieve a minimum
torque in the cartridge seal, this tendency to cold flow was of secondary importance,

Use of the nonfibrous fillers such as graphite and bronze was out of the question
because of the possibility of particles Lreaking off and contaminating the air bearing in
the gimbal system, Teflon does not flake or powder under stress and retains its mechan-
ical properties practically unchanged to temperatures around 300 C, (6) In addition, the
use of some of the familiar dry lubricants such as molybdenum disulfide and graphite
as fillers cannot be expected to reduce the coefficient of friction below that of pure
Teflon hecause normally they have coefficients of friction greater than that of Teflon, (1)

Fluorocarbons are divided chemically into two major categories: polytetrafluoro-
ethylenes and polytrifluoroethylenes, Of these, CTFE is the major commercial product
from the polytrifluoroethylenes and exhibits coefficients of friction on the order of 0, 33
to 0,36 and 0,27 to 0, 34 for static and kinetic conditions, respectively, (7) CTFE is thus
eliminated from consideration, There are two major types of polytetrafluoroethylenes:
TFE (tetrafluoroethylene) and FEP (fluorinated ethylene propylene). Figures 1 and 2
show the static and kinetic coefficients of friction for TFE and FEP, (8) As can be seen,
TFE has the lower coefficient of friction under comparable loading and speed conditions,
These fipures are typical of the type of data which are available for Teflon, That is,
most of the data do not extend to the low loads and low speeds which are' of interest for
the gimbal seal, In general, most of the data available indicate that the coefficient of
friction for Teflon increases below loadings of 30 to 50 psi, decreases rapidly at rubbing

speeds below 25 to 50 fpm, and is relatively independent of temperature in a range of
80 to 620 F, (9)

The properties of TFE given in Table 3 are general and apply to all of the TFE
resins shown in Table 4, (7,8) Unless otherwise specified, Teflon 1 is normally the
compound supplied in sheet and rod., This is the compound which was used in the experi-
mental program described later in this report,

*Nuirhers in parentiosgs refer to references listed ar the end of the report, -
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TABLE 1. TYPICAL COEFFICIENTS OF FRICTION
FOR VARIOUS PLASTICS(!)

Coefficient of Friction(a)

Plastic Max Min
Teflon 0.21 0, 09
Rulon 0.19 0.12
Cellulose acetate 0,53 0,18
Ethyl cellulose 0,57 0,22
Kel-F 0. 25 0.17
Methacrylate 0. 47 0,16
Nylatron G 0, 33 0,22
Nylon 0, 33 0,15
Polyethylend 0. 40 0.17
Polystyrene 0. 45 0,12

(3) Nolubrication, 1-51ib applied load, crossed cylinder apparatus, 8-365 fi/min
shiding speed.

TABLE 2. COEFFICIENTS OF FRICTION
FOR TYPICAL FILLED TEFLON
COMPOUNDS(4, 3)

Unfilled TFE

15% glass fiber

25% glass fiber

15% graphite

60% bronze

20% glass, 5% graphite
15070 glass, 50/70 I\/IOSZ

)
(-
oo

o T .
b— et
[ SV I e

Rulen A .21
Rulon B .13
Rulon D .15
Rulon F .16

61% MoSp

0.0000C)O.CJOOO.CDO
— —
o) e

»
o
o]
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FIGURE 2. KINETIC COEFFICIENT OF FRICTION OF TFE AND
FEP at 73 F(8)
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TABLE 3. PROPERTIES OF TYE FLUOROCARBONS(

7)

Reprinted, with permission, from MNachine Design

Physical

Specific Gravity
Melting Point, °F
Water Absorption, %

Mechanical

Tensile Strength, 73 F, psi
Elongation, 73 F, %
Flexural Modulus, 73 F, psi
Impact Strength, 73 F
l1zod, ft-1b/in,
Tensile, ft-lb/cu in.
Impact Strength, -65 F
lzod, ft-1b/in,
Tensile, {t-1b/cu in,
Fatigue Resistance (Cycles to Failure)
1000-psi stress
1400-psi stress
1450-psi stress
1500-psi stress
Durometer Hardness
Rockwell Hardness
Abrasion Resistance, Weight Loss, gm/sq in,
ASTMD1242-56 test, mg
Taber abrasion test, 10 ecveles
100 cycles
1000 cycles
Deformation Under Load, 75 F, Load = 1000 psi for
24 hr (per cent)

Electrical

Dielectric Strength, Short Time, 10 mil (v per mil)
Dielectric Constant, 60 to 107 cycles

Dissipation Factor, 60 to 107 cycles

Volume Resistivity, -40 to 440 F, ohm~cm

Surface Resistivity, -40 to 440 F, ohm/sq

Thermal

Coefficient of Linear Thermal Expansion,
per °F, 73 F

Thermal Conductivity, Btu/hr/sq {t/*F/in,
Specific Heat, Btu/lb/°F
Continuous-Service Temperature, °F
Heat-Distortion Temperature, °F

66-psi stress

264-psi stress

2,14 to 2.19

none

2500 to 6000
250 to 400
50,000 to 90,000

2.9
320

2.3
105

20 million
7 million
12,000

1200
D52
R58
0.337

0. 35

2.2

8.9

2.4

1000 to 2000
2.1

0.0003
]018

1018

1018
1018
5.5 x 10=5
1.7
0.25
500

252
132
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TABLE 4. TEFLON-FLUOROCARBON RESINS(8)

Reprinted, with permission, from Machine Design

Usual Method

Resin of Processing Description
TFE
Teflon 1 Molded by preforming-sintering General-purpose powder for molding
technique; ram extruded and extrusion
Teflon 5 Molded by preforming-sintering Special molding powder - granulated
technique; ram extruded for molding cylinders for skived
tape
Teflon 6 Lead-press-type extrusion Special-purpose powder for com-
pounding and for use in extrusion
Teflon 7 Molded by preforming~sintering Special molding powder - granulated
technique; ram extruded for use where highest quality, void-
free moldings are required
Teflon 30 Dip coating Aqueous dispersion
Teflon 41BX Compounding Aqueous dispersion
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The terndency of solid Toeflon wocold flow 1 not cansiaered to bhe o problem for
this seal application, This is cepecially true o0 the cartrico e design s used because

most of the deforrsartion oo
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COmDTe s e toads np o i nas

Another Tetleon characteristic vhich
possibility that Teflen, upon contact with a

:n of 2 seal cartridge is the

trarsfer material to

the mating surface, thus forming a Teflon-to- ef‘on :eal and giving the lowest possible
coefficient of friction, ‘7' ! Because of this transfer phenomenon, Teflon to metal is
as good as, if not better than, Teflon to Teflon, It is reported that the lowest coefficient
of friction is obtained with uniform thin films on the hardest possible backing, (1)

SINGLE-SEAL INTERFACE EXPERIMENTAL STUDY

*

Because very little data were available for the ceoefficient of friction of Teflon
versus a mating metallic surface in the range of loads and speeds of concern for the
gimbal seal, it was necessary to determine experimentally the optimum scal interfac
conditions, The following sections discuss the experimental equipment and procedur
used to investigate scal parameters of width, marting ring surface characteristics.

Teflon tyvpe, Teflon surface {inish, loading, and configuration,
Single seals were tested to reduce the number of samples which had to be fabri-

cated, It was postulated and subsequently verified that the results of single-seal experi-
ments would be directly applicable to the proposed design incorporating a double seal,

Exper:mental Equipment

b

The sing seal test fixture s shown in Fignre 3, The basic design consisted of

anonnoeyr

v «carine which rotated within a housing supported on

a secaond ball bearinge, The 'I‘ei‘lrwz seal was supported on a stainless steel bellows held

i place by a floating plag, The play was prevented from rotating by a pin fitted into

the pluw and restrained by a slot o the housing, A cap screw at the bottom of the housing
provided t'zw sealing force by acting through the plug and compressing the seal bellows,
The seal plate fastened to the rotating shaft restramned the upward seal force through the
upper bearing and eventually the housing,

Experimental Procedure

To <'*fm';parc ‘Lhe varicus seal parameters it was necessary to vary the seal load
or contact stress and determine the torque and leakage at a constant air pressure,
Air was admitted {rom a rotometer at 13 ps: {the pressureifference expected in the
final gimbal svstem) and the adinstment screw was rotated to bring the Teflon seal in
contact with the seal plate while the torque and leakage were measured., The bellows
deflection was measured by means of dial indicators resting on the floating plug and on
the upper bellows end fiti:ny

»,c
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because of the decision to utilize commercially available Lellows in order to minimize
custs and delivery tines, Because the offective bellows diameter was 1,437 in,, all
of the scals tested had mean diameters of approximately 1-7/16 in,

Table 545 a sununary of the single~-seal experninents, The data in Table 5 were
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fronn various suppliers

v ctranendged that a more con-
]

roGo v e eventua

seal,

Teflon Surface Finish

Unsuccessiul attempts were rade 10 doternnne the surface finish and flatness of

the Teflon specimens by means of & profiloneter {the sond styvius gouged the surface)
and a monochromatic light (the interference bands did not show up against the white
Teflon surface), Discussions with variogs Teflon manufacturers and users specializing
in machining Teflon to closc tolerances also uncovered no practical methods of surface
measurement, A significant improvenent in seal performance was obtained, however,
by cold pressing the Teflon against an o

a1

tically flat surface plate, This cold-pressing

s than the mach:ned and the machined-and-

process gave consistently better rest

polished surface finishes, This can be scen by comparing the results of Runs 11, 12,

and 13 with the resolis of Runs 7. 8, and I4, It wlso appears that, even though impos-

sible to measure at present, the surface linish of the Teflon rmay Le of more significance

than the surface finish of the mating ring, Con=ceqguently the vroduction process for the
- .

Ieflon suriace must be carceially contralied Thix process s described in detail in
h A 1

the following paragraphs,

Cold=-Fress Procedure, The Teflon is first nochined roughly to size leaving stock
for final machining on both the seal face and the sides of the seal (surfaces A, B, and

(¢ in Fiuure 53). The Tefion is then pressed into the metal carrier which is machined to
i

‘ /Tef lon seal

_—~ Metal carrier

A-47229

Fioini g FEFLON SEAL
nrovide a g Tt Loiion, The insertion load should be approxi-
vately 10 .t +h co (o vntnal load which will be usced to press the
Seat i the wnr Lotel b oare s inot the sccond loading will not disturb the
Sricntation oo fhe . tin 1 Lo,
The tirad yoncig [EREEE ¢ woith bimrab tood bit which has been dressed
Ca s e whieet Lo G 2 e vt e P he gl rede s e prevent Teflon Upile=up”

on the teod sbote the dianendd abhoel vt crve the tip of the taol o osmeoth finish, The

A e Lokt oat with o low feed,  For a seal

i IR F

: 3 A i N N
final et G the soa fade foviviines
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Tht ave v e capeter o whes 130 Lot T e triii s have heen: feed,

S,oner reasdation; sooves o bior S e s i speed); depth of cut,
i Phoe . o e banved by
RS ISR AS thie [ S e i . 3 e of the seal

Gl S1eD s to o woe st sool teo e Deirfno e B nst an onticeaily flat metal
Lo doned =icbionent 1o 0 0se b contac stress of 2000 psi, The load

should Le heid for 2 minutes to allov tisoe Tor the Deilon oo {low , For a seal area of

.23 sqg o, this load would he 1078 e, N load of )

.

i would then be a typical value

for the initial load to seat the Tetlon in the croove, Visual inspection of the Teflon

Lrans

to the surface plate 1s holpial oo determinine whether or not a seal 'takes a
press’, ) continuous umiform Tetlon Usiicar’ should be noticeable on the surface plate,

Balance )

el to reec

; rvad face senls which describes how the pres-
sures heing secaled affect the contact pressures of the mating surfaces, The balance

conditton of % face seal o be o ohes e choanoine the effective diameters upon which

Drossures act, Thos onn be scern n the bellows/seal configur-
beliows diarn-

ciron shuswr i B [t the offective seal diameter and the effective

cter are the san b, then a clvonve nothe internal pressure, Py will have no
cifect on the contact pressare of the seal and the mating surface, If the effective bel-
tows dimeter 1= larver than the eoffective scal diameter {(Figure ob), then an increase in

. will canse an increase in the contact pressure between the
‘ I.

wise, if e bellows diameter 1s smaller than

crer (Figure o) an increase in the internal pressure will cause
e between the seal dand the mating surface, These
lanced, overbalanced, and underbalanced, respec-
itene woth the surfoce characteristics of the seal and

.

cretiicient of friciion, will determs

¢ the torque re-
RERUNE S SRR TUN T contac Lregsare an conjunetion with the surfzce finishes and

3 the 1 sl oweal, ol determine the amount of leakage which will
The hodduno e then, is hroortant when a variation in internal pressure
S o,

st oshesid b e s et oo 1t 1t is perfectly balanced
. ! L. i \ s

are s e cilect onothe senl load,  From a design

-1 Ty ioes and alack of knowledee con-
< ‘ Y ceL boan atternst is made to desian

ottt the sead iy shift from one mode to

across the

che pressure distributic

KRR GOt b e, i, s et oo turers desien for a definite over-
Do binc e it T it t1oet the o pros o re wlll atfccithe seal i a known manner,
R [ hoooe T s ek s re o ieen overbalanced desiens,
R A T feoc T b e oo L b averhaddanced designs on torque aned
N c trire R o3 A, arnc ey were conducted with the same
el EEE R T S S ST O o bes by e A sy, The additionnl seal load
o R RTINS (TR E O S B Crocdl o Coote cded v Ao, o, and O, 7 1L
R S T Copresn o <ol e tovehy, These cxnernnents showed only a
Gt ¢ v vtk thie vavietions ooy pressure,  The
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overbalan.s o desien 18 ' sodieht ot (X8 cnt= o conducted with
V8-, overbolanced and RPN 5 ca figuration gave approxi-
Toately the oo o torgue O i e v e « the Lalanced Lonfigurstion although at
ceneraily fovor seal eade v viin pra e vonostent res Jits

o

Selected Sest Confivuration

PR

The scal anterface dimnensions sehvoted for the doulide~seal ecvaluation work are
shown in Figare 7. The configuration was a 1/8~in, —wide Teflon seal of overbalanced
design, with a 1, 373-in, mean diameter and 0, 539 sq in, area, finished by means of

the cold-pre

Ty

s procedure described above, The mating ring was concentrically ground

with a 5 to 10-rms surtiace finish, The experimental seal dinmensions were chosen to
bhe consistent vwith the dive

s o6 standard off~the-shelf bellows to minimize costs
and delivery Sines A sarnis

that the cffective seal diameter was the same as the

averave dueneior, the dimensions sbows in Figure 7 resnited in an overbalanced area of
G, 141 sqg in, The addivional seal loas caused Ly the air pressare was 2,12, 1, 41, and
0,71 1o st pressures of 15, 10, and 5 psi, respectively, To obtain the total seal load,
these values were added to the =eal Toad caused by the bellows deflection,

~———-—1498 diam ]

Averdqe diam

Tefion
By

seci

Beliows -
end fitting

8o lows -~ E '

A47231

PR T AEATSINTEREACH IMINSIONS

‘ Wb o i
S i v et Flo s Toae b ey R ey and G were performed
oo B T T lir the reproduacrbility of the diata,
it e Pyt R TEE . Lled, the Teflon seal and the
e - . thoee et} , the 1wt Dixture was reassembled,
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he siv sels of data obtanicd are plotted i Ficire 8, TH e curves shown are the upper
Vinits of torque and leakapge olianed, Thoa ita seal~les . rance of 3 to 5 1b were

. 1

rque would be within a

onsidered probable, oo Teas crpected thot e L
of fron:, 5, 7 to 7,0 on-il, Lot wouls be within a range of from

Threo 1/8=-in, ~wide [orion ceals machned to the dimensions given in Ficure 7

;ating rine to determine the repeatability of the Teflon sur-

were tested aualnst a single o

The results of these caperiments (Runs No, 53, 54, 535, 57, 58 and 59) are

f:x(‘(‘,
Althouch the repeaiability of the torque data was less than was

shown in Figure 9,
hoped for, the leakage data were very encouraging,

Recormmended Seal Load

To specify a seal load for o vimbni-seal cartridee desipgn, a compromise must be
low torque, A5 an upper leakage limit of 50 cc
9 1 as shown in Figure 8. Construction

may account for load variations as

vade between low leakage and
per min, the seal load must be a mininopn of 3,
tolerances, errors in load measuarement, eto,

N Using 8/10 of 5 ponnd as a possible load variation, the seal load

yach as 172 we b, Using
specificd then must be 35,0 0,8 or 4.7 b, If the 4,7 1b is specified, the same tolerance
cted to vary up to 4.7 +

could be expected on the high sice ~ i, c,, the load could be expec
4 specification of 4,7 1b, the torque could be
could be expected to vary

0,8, or 5,5 1b, This would mean that w

expected to vary between 6,4 and 7, 9 oz~in, 2nd the leakage

Letween 30 and 30 ce per min,

ENPRERIMENTAL STUDY

i f"v.p(‘rin)('r’.té,x] study was to evaluate the

The pr prarvose of the donble-s=cu
leakape and torque characteristics of & Gouble~seal asscon-bly as pressed against the
mating rings by o cormmon hoellows, o 1o sinaalate the loading conditions expected to

exist during the eperation of the seal cartridoe in the gimbal systen,

No atten:pd was made to simuliat the radial air passage reguired n the final seal

the-sheld bellows to be ased,  The standard

allowing standard, «
Am tU19T=15) 0y luded stainless steel end fittings which

cartridoe, thus agan
Lellows {(Sealol Inc, PPart Nao,
were machined to aceept the Teflon seal showrn in Ficure 7,

1 the following three sections the experinental equipment, the test procedure,

cgeal evabrationr work ore deseribed,

and the res:

oo P9ois A s o 58 dothe tect fonture which was constructed to
Sorforr the Conhle-2eal e riac e en e riment sy T problenis arose w Bio b made 2
ool teal v ture Beok 1y 1) the Giod cirves imed 9 mneasure the bellows deflection
cr the sanodeemse s exner ents canse tag o abhie seal to Uit and not contact the mating
r properiog (2% rhe cdditiea, ot the torgue arne e betlow s a=sombly corgned the
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Lir o0 from rotometer

Hose D:b-——/*"a

%

Upper bearing
assembly

mounting bracket

Shoff—\ !
Force - gage :
|

Retaining ring

Upper seal
plate

Upper Teflon seal

| ———Bellows assembly

Slotted
tube I
Torque arm

Pin —— N

Lower Teflon seal

Lower bearing { :‘ AN\ | Lower seal plate
gssembly —— é |
™ N N % \-Dicl‘Goge mounting
- : N

SN
ya

Pusher plate —— %i b N NN NS i post
t
e
’ ) . T l
,!(
| i
; L: L rmngrammgnst
J. ‘ — )
-~ *icrometer head
C-47234

FIGURE i1, DOURCE-SEAL TEST FIXTURE
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sellows assomblv to move s

Pooes test Piatore cdannated these problems
' Y ledtion, and (2) the addition of
v ored, The test fixture, in-

by (1) usinge the micrometer oo o

the cam fuollower bearing to

cluding the force gage, miorumeter bBesrt, oot dial tndio ater, s shown in Figure 11,

In order to press the Tellon seal nito the bellows enc fitting, a seal press fixture
was constructed as shown in Figure 12, The fixinre was screwed onto the outside of
the bellows end fitting on which threads had Leen ont, The seal press fixture extended
down such that the bellows was not compressed when the Teflon was pressed against the

surface plate,

8382

FIGURE 12, SEA L-PRESS FIXTURE

Bellows Installation for Test

A bellows asszemblv and scal plates are shown in Figure 13, To install a bellows
assembly for test, the retabnyg ring {Figure 10) and the upper bearing assembly are
removed from the test fixture. The upper and lower seal plates and the surfaces of the

upper and lower Teflon seals are cleaned with acetone and a nonlinting-type tissue, The
bearings should be lubricated with a small amount of light machine o1l, Figure 14 is a
photograph of the lower bearing, bellows, avae upper bearing assemblies which are shown

schematically in Figure 10,

The i rometer is retracted,  The Leilovws assembly is then set into position and

the torgue cerev ed e i L er-tieht, The toraue arm shonld be approximately

I

1, VThe bellows assembly is considered

perpoencdicular o the foroe o

to he ricght side vy - umoer position as is shown in Figure 10,
= H P H =

The upper Lo tiored o that the slotted tube engages the
Pt gag

pin in the Tower bearing as ol e s v C4 into place with the retaining ring, The

S dea i free froc wresse ond dirt or at will not fit properly into

Learing QD

the case,

8 AT Y ELLE MOE M O R AL t NS THT UTE
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The {orve page shoula o mmites o fhe Doac et 0 10t the center line of the
page will be Tevel with the toroaw e v Core veac oo sre belng taken,  To fit over
the torg

oo, the hook o0 o T TP RS S it

The air supply to the seal s provic. o -, o hose connected to the hose bib, The
hose should be suspended frow above to oroo tde o denth o twist when the shaft is

rotated, Flowmeters and the pressure vere iire placed - otvween the air pressure regu-

lator and the test fixture, Witk pressure cage on the dovnstream side of the flow-
neter, the flowmeter should be calirated at vperating pressure,  The three flowmeters
connected in series shown in Ficure 15 have capacities of U to 80, 0 to 110, and 0 to
1500 ati: ¢cc/min, These flowmeters wore cali® vated and used for both the single-seal

i hiove beerns adeqguate for the double~-seal
tests, The hose shown in Figure 15 15 not shown suspended [rom above as should be the

and doulile-seal tests, The latter two w

case during the actual testing,

i R N -
Pest r'raceanite

H

The dosble-seal experbnents weore condacied utilizing a different test procedure

vie-sealtests,  Uhe sond was loaded Lefore the alr pressure

than was uscd for the s;
was apphied to nrore Ciosely approsinale the sotual conditions which will exist during
Prication of the seal cavividoe and the wal socnent opervation of the seal cartridge in

iAo sy ateny,

s 10, the indicator point is set

Potlov s stowly ralscd by the micrometer until

into the tuep
i wobooh the seal nhakes initial contact with the

the indicater

seal piate, thi- noont os the tare or zero reading,  The dial
GO i 00 Ty N

Phie seal toad CesCt e Yl hesirel b il e o of the miicrometer,  The
SOUIGL Fatew of the odhow o 0V 0 Ty e DU 0 e e e, TR neans that a net move-

vvrent G O, DO on s thae reror e cter el e ace the sval Toad by ¢, 17 1h, The bellows

.

shoabd never e ottt ee R E thie fribity of onerstressing the bellows and
henoe chang th ~1ayit Festar,
e v o sl Do s te oper o ting prea-ure,  Flowmeter and

o clockwise direction

v hierid, Ry sl Thser coorin B ot e s wise rotation necessary to

g ot Coviitety ooyt . 1 toh engaged by the force gape
B P VIS o=, as thercfore obtained by
Tl H Tk T ¢ f (AR R
R B S e R KR TIE S F R vt e e e anitiodly it arsually 18 neces-
[N ST & i Unie wewe Ly b hown e oo e aaeas e vt the seal has been Urun-in',
Crrvidin et e ey B . )y ! - Teflon flakes may
et e, I R ¢t et ddter each run,
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The ¢ uble=seal vxvorie s were condootesd with tvn belluws asseniblies
(A and By and tvwo seal plates (hves, 1o 30 Sencral tests were conducted at each of

three different bellovws defecions, T 8, 0! ~~4n, cefleotion simulated 1deal assembly

4

conditiony, This deflecticn provided o 4, T-.0 foan on the sealing surfaces which, ac-
Loest compronmise belween torque and leakage

cording to the single-sva

values, The G, 010 and O, ¢ deflections simulated inaccuracics in the construction

of the cartridge, These de wons of 0,010, 0,015, and 0, 020 correspond to seal

loads of 3,49, 4,7, and 5, >

C
borespectively, ncluding the 2, 12-1b seal load caused by
1

the overbalanced area of 9, 141 s5g in, ar a pressure of 15 psi, Figures 16, 19, 20, and

21 show the results of teria conducted at 15 psi with the four possible combinations of
bellows assermblies and seal plates, Figures 17 and 18 represent the performance of
bellows assembly "A" in one position at air pressures of 10 and 5 psi, The torque and
leaxage values obtained during the double-seal tests run at 15 psi ranged from 8,4 to

tat seal loads of 3, 9%to 5,5 tb,  This loading, which

13,8 oz-in, and 15 to €5 ¢c¢ poer 1

ncludea the load due to the air pressure acting on the overbalanced area, corresponds
to bellows deflections of 0,010 to 08,020 1n, 1 Figures lo through 21, These torque and
: S of 31 gz-i i

ot e Vo
Le valuos -~

~ _
Y4

leakage values are a sionilicent @ provement over the

500 co per roonowhich are tvpoval of seals in wse at the beginning of this Phase V effort,

cred carin the coulie =send tests were, as expected, ap-

The torguae val
proximately double the values cmtained frong the soose seal configuration during the
single-seal canperitments, The leakave values oltained during the double-seal tests,

creater then the leakace vabies obtained for the equivalent

leads, wnenpected juver leakage was investigated by

and loweer seal plate (see igure 10) with vacuum grease,
and operatite the test v <incle-senl DIvture to measiare only the leakage due

' . '

to the upper seal,  The resalts obtaisned showed thet the seals making up the double-seal
assemblv were better than the simgle seals tested previously, thus accounting for the

+

Lot

Tower leaace hthined darerg the donbile-senl

“he repeatabilits of ing the data spread for the

VATrious tests run at eoah Sioures o through 215 as can be seen,

the tores

e data surend 1o less than 2 orn-in, ood the leatage data spread is less than
Yoo, R T N
o [T S D S A e R

Considerable toleran: ¢ ie availanie for varoolons occurring from construction of
the senl cariridee as can bo goer by comparme the toraue and leakage data for the three
' pel 0,020 0n, For canample, in Figure 16 for the 0,010 to
o the Tenbage varied by about 30 cc per min with a

i, Clhe torgue voried by S oz-in, with a maximum
Do ¢ ie ¢ ruction tolerance,
! TN T or e 2 e o nredict che torgae and leakage values for a
partrolay send confiorarios o e sl rated by cormparing Figures 160 190 200 and 21,
This oot e B e ren T e ot B te 3B nz-in, and 15 to 65 cc per min,

Thaeo st st et T et s i o b Flioures 16, 17 and 18 {for bellows

Gmsern ol 0 G e et Lt prem=ares of TS0 Fa0 ares b oger, respectively,  As can

s - : I
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